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OPTII\/IIZATION OF THE FATTY ACID COMPOSITION
OF FEED PRODUCTS. PROBLEMS AND PERSPECTIVES

Abstract

Modern trends and changes in the production of food and feed products, the state of natural resource provision for man-
kind, physiological features of modern high-performance breeds of animals and poultry crosses, features of their maintenance, the
structure of the raw material base of the compound feed industry, and the need to change approaches to providing compound feed
products with fat have been analyzed. It is shown that the limitation of the introduction of fish and meat and bone meal in compound
feed recipes requires the replacement of these components not only from the point of view of protein quality, but also the need to
adjust fat both in quantity to ensure the required level of energy value and in quality to ensure healthy life activity of the body. It has
been shown that the organism of animals and birds is a symbiosis of two organisms, a macroorganism and a microbiota, with a sig-
nificant contribution to the coexistence of microbiota, therefore the justification of the choice of components of compound feed prod-
ucts, in particular to provide fat and energy, should be carried out taking into account the further impact on the microbe. The rele-
vance of optimizing the fatty acid composition (FAC) of compound feed products according to the physiological and metabolic needs
of modern breeds and crosses of agricultural animals and poultry is shown. Modern ideas about the ways of fat metabolism, the
physiological role of individual fatty acids, biological value were analyzed, and the theoretical principles of optimizing the fatty acid
composition were developed. It has been established that saturated fatty acids are more resistant to oxidation, able to increase im-
munity, reduce inflammation, but have a low degree of assimilation, and require mandatory adjustment of bioavailability to avoid
disruption of lipid metabolism. Monounsaturated fatty acids have better resistance to oxidative processes, higher availability. Poly-
unsaturated fatty acids (PUFAs) have low and very low resistance to oxidative processes, which makes it necessary to solve the issue
of their stabilization both in vivo and in vitro, since the accumulation of toxic products of lipid peroxidation initiates the appearance
of various pathologies and diseases. The nutritional value of pressed and unrefined sunflower oil, soybean oil, high-oleic sunflower
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oil, palm oil, coconut oil, and linseed oil were determined, of veterinary fish oil and the ratio of w-6 and w-3 PUFAs was calculated
in them, the advantages and disadvantages of their use in compound feed were substantiated. It is shown that the introduction of
sunflower oil of the linoleic type to provide feed with energy leads to a significant increase in the content of linoleic acid, which is
related to the structure of the raw material base and the significant content of w-6 PUFA in other feed products. Compound feed
recipes for different species and groups of poultry were calculated, and it was established that when using fish and meat and bone
meal, the content of linoleic acid in compound feed was exceeded by 3 times (up to 3.08% against the norm of 1.1%). Additional
introduction of oil of sunflower linoleic type leads to an increase in the indicator for various recipes and species and groups from 3.0
to 5 times, which leads to a violation of lipid and mineral metabolism, the appearance of pathological conditions, a decrease in the
productivity of animals and poultry, obtaining low-quality livestock and poultry products. The nutritional value of compound feed
products will allow to correct the pathways of lipid metabolism and biosynthesis, to carry out the predicted physiological and func-
tional effect on the body of farm animals and poultry in order to obtain livestock and poultry products of maximum quantity and high
quality. Further research is needed to justify the choice of fats and fat-containing feed additives, to improve the calculation recipes of

compound feed products, taking into account the optimization of both fat and fatty acid profile.
Key words: fat, fatty acid composition (FAC), compound feed, palm oil, sunflower oil, high oleic oil, fish oil, polyun-

saturated fatty acids (PUFA).

Introduction

Fat is an important component of feed, which
forms its economic and zootechnical efficiency, deter-
mines the quantity and quality of livestock and poultry
products — biologically complete food products for hu-
mans: meat, milk, eggs [1, 2, 3].

Fat consumption provides from 20 to 50% of
energy needs, and is also a source of irreplaceable essen-
tial factors necessary for the formation of biomembranes
and the biosynthesis of tissue bioregulators [1, 4, 5].

The productivity of farm animals and poultry is
determined by more than 50% of energy, up to 30% by
protein and up to 20% by other nutrients and biologically
active substances.

Deficiency of energy in the diets of modern an-
imal breeds and poultry crosses is a frequent cause of
reduced productivity. And as you know, all the internal
work of the body, related to the processes of digestion,
breathing, hematopoiesis, intercellular exchange, etc.,
takes place due to exchange energy [1].

It is impossible to provide a solution to the
above-mentioned problem without taking into account all
modern trends and changes in the production of food and

fodder products, the state of natural resource provision
for mankind and the projected directions for solving all
threats and challenges (Fig. 1).

In particular: the need to increase the number of
livestock and poultry products led to the breeding of
modern breeds of animals and poultry crosses, which
have significantly higher energy needs for the realization
of genetically embedded productivity, low immune sta-
tus, a discrepancy between the growth rate and the devel-
opment of physiological functions of the body, demand-
ing on the availability and quality of raw materials, re-
quire correction of digestive and metabolic processes [6,
7]. The muscles of broiler chickens grow so quickly that
the skeleton and internal organs do not have time to fully
form. Broilers have widespread deformation of limbs,
lameness, ascites, insufficiently developed cardiovascular
system, as a result of heart failure, sudden death syn-
drome, impaired immunity, they are not capable of any
physical exertion [6].

Grain components have the greatest energy val-
ue, but even they do not allow solving the issue of meet-
ing the energy needs of modern high-performance animal
breeds and poultry crosses (Fig. 2).
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Fig. 1. Prerequisites and factors leading to changes in approaches to providing feed products with fat
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Fig. 2. - Energy value of fodder and requirements of modern poultry crosses

On the other hand, the aggravation of the food
and raw material shortage necessitates a more efficient
use of cereals for food purposes and a reduction in their
content in feed products in order to increase the use of
various by-products and waste in the latter, the nutrition-
al value of which is almost half that of grain, which is
even more aggravates the problem of energy supply.

Inadequate fat nutrition is one of the most im-
portant reasons for the development of the most common
non-communicable diseases of people, such as athero-
sclerosis, coronary heart disease, type 2 diabetes, obesity,
metabolic syndrome, etc. [8]. Since 2016, information on
the nutritional value of the product has become mandato-
ry in the European Union, and fatty acids must be a sepa-
rate line.

As a result, the requirements for food products
have increased, modeling the quality of livestock and
poultry products (fat reduction, optimization, FAC, bio-
logical value, etc.) has become an urgent direction.

Industrial keeping of animals and poultry is ac-
companied by stress, as a result of which feed consump-
tion decreases, which leads to the need to increase the
concentration of energy in a unit of feed.

To date, the raw material base of the compound
feed industry has changed significantly, in particular: the
limited number of such resources as fish and meat and
bone meal, the use of which is often accompanied by
problems of microbiological insemination, pathogenicity,
which does not meet the requirements for the production
of safe livestock and poultry products. This led to the fact
that in practice these components are practically not
used.

Fish and meat-and-bone meal were widely used
to balance the nutrition of compound feed products of
almost all species and age groups of farm animals and
poultry not only in terms of protein, fish meal contains
up to 9% of biologically valuable fat with bifidogenic
properties. Meat and bone meal contains up to 16% ani-
mal fat [1, 2].

Substitution of these components in recipes
needs to be justified not only from the point of view of
protein content, but also to take into account the need to
adjust fat both in quantity to ensure the required level of
energy value and in quality to ensure the healthy func-
tioning of the body.

into account the ability of the body
of animals and birds to carry out
endogenous biosynthesis of essen-
tial fatty acids at the expense of endogenous microbiota.

Failure to take into account all of the above fac-
tors leads to a violation of lipid metabolism, the appear-
ance of various pathologies and diseases.

Until now, there is no norm of fat consumption
for different types of farm animals, poultry, research re-
sults available in the literature are scattered, sometimes
contradictory, FAC is not taken into account at all, which
complicates the issue of effective provision of compound
feed products.

When choosing a source of fat, its ability to ac-
tivate the peroxidation of lipids in the body with the for-
mation of toxic products is not taken into account, espe-
cially in the case of the failure of the body's endogenous
antioxidant systems and the deficiency of antioxidants in
compound feed.

Taking into account the above, an urgent issue is
increasing the zootechnical efficiency of compound feed
products by optimizing its FAC.

The purpose of the work: substantiation and
analysis of the compliance of the quantity and quality of
fat in compound feed products with the physiological and
metabolic needs of modern breeds and crosses of agricul-
tural animals and poultry.

Research materials and methods.

The following fats and oils were used in the
work: sunflower oil, unrefined, pressed (producer: the
company "Smak Sonia" V.V. Marchenko), soybean oil,
unrefined, pressed (TM "Zemledar", high-oleic sunflow-
er oil "Olyvka", TUU 10.4 -37420386-007:2023 (pro-
ducer LLC Biochimtech); palm oil (producer Dukees
RBD (Malaysia); coconut oil brand Bees (producer
PGFOEdibleOilsSDNBHD, Malaysia), linseed oil (TM
Zemledar), fish Goat fat is veterinary (manufacturer
"O.L.KAR". All research, calculation of compound feed
recipes was carried out at the Department of Grain and
Compound Feed Technology of the Odesa National
Technological University. FAC of fats and oils was de-
termined by the chromatographic method using a Shi-
madzu QP-5050 chromato-mass spectrometer.

Results and discussion.
At the first stage of research, the theoretical
principles of optimizing the fat supply of compound feed
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for farm animals and poultry were developed.

Properties, physiological and biological effects

of feed fat are determined by its FAC. In recent years, the
amount of information about the ways of fat metabolism,
the physiological role of certain fatty acids, and the bio-
logical value has increased (Table 1) [4, 5].
As can be seen from Table 1, saturated fatty acids are
more resistant to oxidation, can increase immune-ty, re-
duce inflammation, but have a low degree of assimila-
tion, and require mandatory adjustment of bioavailabil-
ity to avoid disruption of lipid metabolism. In addition,
saturated fatty acids increase the formation of blood clots
and lead to an increase in cholesterol in the blood.

Monounsaturated fatty acids have better re-
sistance to oxidative processes, higher availability.

PUFAs have low and very low resistance to ox-
idative processes, which makes it necessary to solve the
issue of their stabilization both in vivo and in vitro, since
the accumulation of toxic products of lipid peroxidation
initiates the appearance of various pathologies and dis-
eases.

Table 1 - Biological characteristics of fatty acids

As can be seen from Table 1, in terms of phys-
iological action, different groups of fatty acids have dia-
metrically opposite effects, which is clearly necessary for
the implementation of physiological mechanisms in the
body laid down by nature.

This principle is based on the regulatory action
of -6 and ®-3 PUFAs and the formation of eicosanoids
and docosanoids, which differ in their action (Fig. 3)
[11].

As can be seen from Figure 2, arachidonic acid
synthesizes endohormones that narrow blood vessels,
increase platelet aggregation, block blood vessels, in-
crease blood pressure, and initiate inflammatory process-
es. Endohormones from eicosapentaenoic acid, on the
contrary, lower blood pressure and have an anti-
inflammatory effect.

The consequences of disturbing the balance of
these PUFAs towards an excess amount of a separate
group are obvious and predictable.

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

Types of fatty acids
Indexes Saturated fatty Monounsaturated PUFA
acids fatty acids ®-6 ®-3
Physical condition solid liquid liquid liquid
Resistance to oxidation high satisfactory low very low |:|
Digestibility low satisfactory satisfactory satisfactory
Effect on immunity increase increase reduce increase
Effect on inflammation reduce reduce increase reduce
Effect on carcinogenesis slow down slow down strengthen slow down
Effect on blood cholesterol increase reduce reduce reduce
Effect on thrombus formation increase do not affect increase reduce
®-6 PUFA ®- 3 PUFA
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Fig. 3. Scheme of conversion of ®-6 and -3 PUFAs into eicosanoids and docosanoids

9

http://grain-feed.ontu.edu.ua




. W

3epHoBi npoaykTH i KoMGikopmu, VoI.23, 1.3 (91) / 2023

Table 2 - Fatty acid composition of feed fats and oils

Name of fatty acids Mass fraction of fatty acids, %
Palm oil || Sunflower || Soybean | High-oleic Fish [ Linseed| Coconut | Animal
oil oil sunflower oil||  oil oil oil fat
Laurynova (12:0) 0,15 - - - - 45,08 0,2
§ Arakhinova (20:0) 1,0 0,2 0,35 0,19 0,07 0,5
§ Miristynova (14:0) 0,9 0,23 0,18 0,04 6,46 || 0,15 22,85 2,5
Palmytynova (16:0) | 41,00 7,85 12,07 5,19 12,61 | 4,41 12,36 31,0
Palmitooleinova
(16:1) 0,5 0,19 0,15 0,04 9,5 0,11 - 6,0
Stearynova (18:1) 5,0 3,74 5,96 3,25 5,28 3,02 13,95 14,0
- Oleinova (18:1) 37,0 29,7 24,75 82,36 8,52 | 26,54 0,17 35,0
£ |[Linoleum (18:2) 7,5 55,69 47,82 5,83 2,7 14,01 0,05 6,0
2 | Linolenova (18:3) 0,5 0,07 6,57 0,09 0,03 | 50,48 - 0,5
S | Eicosapentaenoic
acid (20:5) } 18974 - J }
Docosapentaenoic
acid (20:5) i 157 i i i
Docosahexaenova
(22:6) - 13,75 - -
Correlation ®-6/w-3 15,0 795,6 7,3 64,7 0,1 0,3 0,05 12,0

At the next stage of research, the FAC of the stud-
ied fats and oils was determined and the ratio of -6 and
®-3 PUFA was calculated in them (Table 2).

As can be seen from Table 1, oils and fats differ
significantly in terms of their dietary fiber FAC. Palmitic
acid accounts for 41% of the fatty acids in palm oil. The
high content of palmitic acid in animal fat is 31%.

Due to a number of problems, animal fat is not
used in practice today in the production of compound
feed.

The experience of using palm oil has revealed the
following problems:

- palmitic acid in palm oil is represented by iso-
mers Sn-1, Sn—2, which do not form mixed micelles with
bile salts and are not absorbed, but on the contrary, form
non-absorbable complexes with calcium, which are ex-
creted from the body, which leads to a violation of min-
eral metabolism, as well as an increase in the viscosity of
feces, bloating, colic, etc. Reduction of calcium absorp-
tion by 15-20%;

- the use of palm oil is a factor in the excessive
accumulation of fat in the body (due to low oxidation
capacity), which leads to a violation of animal health,
excessive fatty meat, significant accumulation of choles-
terol, livestock products do not meet the needs of the
consumer;

- palm oil is a source of 3-monochloropropane-
1,2-diol (3 MHPD), which has a toxic, carcinogenic ef-
fect, promotes cancer, diseases of the cardiovascular sys-
tem, obesity, dysbiosis, etc.

- saturated fatty acids have a low micelle-forming
potential, which reduces their availability, they are oxi-
dized during physical exertion, which cannot always be
ensured in modern conditions of maintenance and with

10

the physiological features of high-performance animal
breeds and poultry crosses [13].

The energetic function of fodder fats largely de-
pends on the content of oleic acid (C18:1), which is easi-
ly oxidized in the mitochondria with the formation of
ATP.

According to their ability to penetrate the cell and
be oxidized, fatty acids are placed as follows: oleic, pal-
mitic, linoleic, stearic, erucic [4, 5].

In the studied fats and oils, the content of oleic ac-
id ranged from 0.17% (coconut oil) to 82.36% (high-
oleic sunflower oil). In sunflower oil of the traditional
(linoleic type), this indicator is 29.77% and 24.75%, re-
spectively.

The feasibility of using oleic acid is confirmed
by the studies of Cachaldora et. el, they established that it
is able to stimulate the growth and reproduction of probi-
otic microflora, in particular lactobacilli. contributes to a
significant improvement of organoleptic properties of
chicken eggs, in particular taste, aroma, in comparison
with linoleic type oil. It has been established that the use
of high-oleic sunflower oil contributes to the accumula-
tion of docosahexaenoic acid in the yolk. Research by
Ortiz et al. found that the use of oil with a high content of
oleic acid in diets contributes to the preferential accumu-
lation of oleic acid 521 and 572 g/kg of total fatty acids
of the pectoral muscles and thighs, respectively, as a re-
sult of which the quality and safety of poultry meat is
significantly improved , in particular resistance to oxida-
tive processes, accumulation of toxic products of lipid
peroxidation [2, 3].

Coconut oil is characterized by a high content of
stearic acid (13.95%), lauric acid (45.08%), myristic acid
(22.85%), which are short-chain and can be absorbed
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without the stages of splitting and emulsification, which
is important for young animals in which insufficiently

formed digestive system. PUFA content. %

Traditional sunflower oil (linoleic type), soy- Organ : ®-6/®-3
bean oil contain the majority of linoleic acid in their o-6 ®-3
composition (47.8-55.6%), which belongs to the «-6 Erythrocytes 14,2 7.7 1,86
series and has a number of negative physiological effects =
(Table 1), which can be leveled by -3 fatty acids, but Liver 11,0 56 1,96
they are practically absent in the composition of these Brain 17,6 12,9 1,36
oils. The use of such oils as the only source of fat, which
happens in practice today, is the cause of various meta- Heart 124 8.9 139

bolic disorders, diseases, and low feeding efficiency.

The negative effects of an excess of unsaturated
fatty acids are established:

« violation of mineral metabolism, increased re-
lease of calcium and magnesium salts from the body;

« violation of the ratio of ®-6 and ®-3 PUFAS in
the body;

+ inflammation, increased permeability of the in-
testinal barrier, which leads to metabolic syndrome;

+ appearance of offspring with intestinal in-
flammation and fibrosis already at birth

« formation of a significant amount of free radi-
cals, which initiate various disorders, oxidation products
are carcinogens, poison the body, reduce the immunity of
farm animals and poultry;

* deterioration of the quality of livestock and
poultry products (excessive softening of lard, low stabil-
ity of meat during storage, negative impact on human
health of oxidation products, fragility of egg shells, etc.);

* high surface activity of fatty acids results in
envelopment of bacterial cells of the rumen and compli-
cates the digestion of cattle [4, 5, 14].

The source of -3 fatty acids can be linseed oil,
fish oil, which also contains docosapentaenoic and do-
cosahexaenoic acid.

At the next stage of research, the ratio of ©-6/
®-3 PUFAs in the studied fats and oils was determined
and compared with the composition of the biological
mem branes of the animal body (table 3).

As can be seen from Table 2, a fairly significant
fluctuation of the m-6/w-3 PUFA ratio in the studied oils

Table 3 - Ratio of ®-6/®-3 PUFAS in membrane
phospholipids of various organs of mice [12]

and fats was found, from 0.05 in coconut oil to 795.6 in
sunflower oil of the linoleic type.

The vast majority of ®-3 PUFAs and the ratio of
®-6/®w-3 PUFAs up to 0.3 are found in fish oil and lin-
seed oil.

From 7.3 to 64.7 ratio of w-6/w-3 PUFA in soy
bean oil, palm oil, high-oleic sunflower oil.

And an order of magnitude higher - 795.6 ratio of
®-6/w-3 PUFA in sunflower oil of the linoleic type (tra-
ditional).

As can be seen from Table 3, the ratio of mem-
brane phospholipids in various organs of the mice varies
from 1.36 to 1.96.

The expediency of adjusting the optimal ratio of
these PUFAs close to physiological needs (4...1 to 1) is
obvious.

The situation that has developed in practice abso-
lutely contradicts this approach. To date, sunflower oil of
the linoleic type is mainly used in Ukraine to balance
rations in terms of energy. Its introduction to provide
feed with energy leads to a significant increase in the
content of linoleic acid, which is also related to the struc-
ture of the raw material base and the significant content
of w-6 PUFA in other feed products.

At the next stage of research, a humber of com-
pound feed recipes were calculated for different species
and groups of poultry (table 4).

It was established that even if flour of animal
origin (fish and meat and bone) is used, there is a 3-fold
increase in the content of linoleic acid in compound feed

Table 4 - Composition and nutritional value of calculated compound feed recipes for different species and

FEED, QUALITY, TECHNOLOGY AND ANIMAL FEED

roups of poultry

Ne Ingredient Content in the recipe, %
CF-5-1-2, | CF-5-1-7 | CF-6-114 for CF-2-108 | CF-32-112
for broiler || for broiler | broiler chickens | for hens of for geese
chickens chickens KOBB-500 egg crosses | 4-8 weeks

1-3 1-3 finish 1-7 weeks

1 || Corn 54,6 475 52,9 55 22

2 | Wheat - - - 40,4

3 | Barley without film 40

4 || Triticale - - 5,0 5

5 | Shrot soy (48%) 12,4 - -

6 | Feed wheat flour 0,6 10 3,2

7 | Whole grain soy (34%) - 18,1 20,0 20

8 | Sunflower meal, CP 38%, CF 15% 14,0 1,4 10

1 1 http://grain-feed.ontu.edu.ua
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Continuation of Table 4
9 | Soy meal, CP 48% - 24,0 3.8 9,5 11
10 || Sunflower cake, CP 34%, CF 18% - - 7,0 0,4
11 || Fish flour, CP 67% 9,95 -
12 || Meat-bone flour, CP 48% 4,16 -
13 || Feed yeast, CP 44% - 1,00 3,00 2,95 5,0
14 | Sunflower oil 3,0 2,9 2,9 1,6 3.3
15 || Lysine monochlorhydrate 98% 0,14 0,14 0,1 0,1
16 || DL- methionine 98,5% 0,15 0,29 0,33 0,16 0,16
17 | Lysine sulfate 0,41
18 || L-threonine 98% - 0,04 0,07
19 || L- tryptophan 98% - - 0,50
20 | Feed chalk 0,6 19 1,83
21 | Feed free phosphate - - 1,4 1,77 2,0
22 | Limestone flour - - 0,9 1,2
23 || Mono calcium phosphate - 1,3 0,2
24 | Kitchen salt - 0,43 0,19 0,22 0,3
25 [ Sodium bicarbonate 0,1
26 [ Sodium sulfate anhydrous 0,01
27 || Premix 1,0 1,0 1,0 1,0 1,0
Nutritional value
Ne Indicator - ol cod « = = - c ool w = o
O hl S Sl =49 o« =2 O J =2 ©C ol =2
21§l 2°|s92°|52 |[29828|2°] 52
1 || Exchangeable energy, Kcal/100g 310 3 || 310 | 310 || 300 | 320 290 | 296 280 | 283
2 || Crude protein, % 23 2 123 23, | 19,0 || 19,0 20 [ 20,53 | 18 18,6
3 [ Linoleic acid, % 11 31141 |43 |11 (531 11 | 358 |14 | 3,06
4 | Crude fiber, % <4 4 | <4 |40 || <4 | 3,88 <4 (36 <6 | 3,99
5 || Lysine,% 13 11236 (13 11 (12 11 || 11 09 |09
6 | Methionine, % 053 [0 053 (06 |[049 | 0,62 05 | 045 [ 0,45 | 0,45
7 | Methionine+Cystin, % 098 009809 [[09 | 092 0,75 0,79 | 0,7 | 0,75
8 || Threonine, % 091 [0 o091 (09 |[075 | 0,75 0,7 10,74 | 0,55 [ 0,68
9 [ Tryptophan, % 0,25 ([0 0,25 (02 [[019 || 0,71 0,2 ||0,26 | 0,2 0,23
10 || Arginine, % 1,25 11125 (15 (117 || 1,17 1,2 1,29 |09 1,14
11 || Isoleucin, % 0,88 |0 [0,88 (09 |- - - - - -
12 || Leucine, % 161 [[1 (1621 |29 |- - - - - -
13 || Valine, % 098 | 109810 |- - - - - -
14 || Histidine, % 048 ||0 [ 048 |06 |- - - - - -
15 || Phenylalannine, % 0,8 1108 1,1 | - - - - - -
16 || Phenylalannine+Tyrosine, % 1,49 |1 [f149 19 |- - - - - -
17 || Ca, % 1 1191 10 (0,84 | 0,85 1,1 | 1,13 1,2 1,34
18 | P, % 0,7 0107 [[07 |04 | 0,40 0,8 {080 |08 | 0,81
19 || P assimilated, % 0,4 004 |04 ]o065 (0,65 0,5 || 052 |045 | 0,52
20 | Na, % 0,2 002 |02 1]o0,16 ||0,16 0,2 ||0,20 |03 | 0,30
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(up to 3.08% against the norm of 1.1%). But taking into
account the presence of fish meal in the compound feed
and, accordingly, -3 PUFA in the fat, it is possible to
predict the leveling of negative effects due to the regula-
tory effect of these acids, as noted earlier (Table 1,
Fig.2).

It was established that despite the choice of dif-
ferent types of grain and protein raw materials for all
recipes, it is impossible to simultaneously ensure the en-
ergy nutrition of the compound feed and meet the physio-
logical needs for the content of linoleic acid. Thus, the
additional introduction of sunflower oil of the linoleic
type leads to an increase in the indicator for various reci-
pes and types and groups from 3.0 to 5 times.

Taking into account the absence of sources of
®-3 PUFA in the composition of fodder, it is possible to
predict a violation of lipid and mineral metabolism, the

appearance of pathological conditions, a decrease in the
productivity of animals and poultry, and obtaining low-
quality livestock and poultry products.

Conclusions

1. The substantiation of FAC of compound feed
products will allow to correct the ways of metabolism
and biosynthesis of lipids, to carry out the predicted
physiological and functional effect on the body of farm
animals and poultry in order to obtain livestock and poul-
try products of maximum quantity and high quality.

2. Further research is needed to substantiate the
choice of fats and fat-containing feed additives, to im-
prove the calculation of recipes for compound feed prod-
ucts, taking into account optimization not only by the
amount of fat, but also by the fatty acid profile.
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OIITUMIBALIA KUPHOKUCJIOTHOI'O CKIAAY
KOMBIKOPMOBOI NPOAYKIIIL. MPOBJEMU I IEPCIEKTUBU

Anomauin

Ilpoananizoeano cyuacui mendenyii ma 3minu w000 GUPOOHUYMEA XAPHUOBUX MA KOPMOGUX NPOOYKMIs, cman npu-
POOHO-pecypcHo20 3abe3nedents I00Cmea, Pizionociyni 0cooIUB0Cmi Cy4acHux 8UCOKONPOOYKIMUSHUX NOPIO MEAPUH | KPO-
cie6 nmuyi, 0cOOIUBOCMI IX YMPUMAHHS, CIMPYKMYPY CUPOSUHHOT O6A3U KOMOIKOPMOBOTI NPOMUCIO80CME MA OOIPYHMOBAHO
HeoOXiOHIiCcmb 3MIHU Ni0X00i8 00 3abe3neuents KoMOIKopMoeoi npodykyii scupom. Tlokasano, wo obmedicenicms no 66edeH-
HIO pubHO20 Ma M SICO-KICMK08020 DOPOUIHA 6 peyenmu KOMOIKOpMI6 nompebye 3aMinu Yyux KOMNOHEHMIE He MITbKU 3 Mo-
KU 30py NOBHOYIHHOCMI OILIKA, anie i HeOOXIOHICMb KOPEKMYBAHHSL HCUPY AK NO KIIbKOCMI 0115 3a6e3neueHHs HeoOXIOH020 pig-
HS eHepeemuunoi YyiHHoCcmi, max i no sikocmi 0711 3abe3neuents 300po6oi wxcummedisnvrocmi opeanizmy. Ilokasano, wo op-
2aHI3M MBAPUH, NMUYi ye cumMbio3 080X OP2AHIZMI6 MAKPOOP2AHIZMY | MIKPOOIOmuU, i3 8A20MOI0 YACMKOIO BHECKY ) CHilbHe
CRIGICHYBAHHS MIKPOOIiOmMU, MOMY 0OIPYHMYBAHHS 6UOOPY KOMNOHEHMI8 KOMOIKOPMOBOL npodyKyii, 30kpema O 3abe3neyeH-
H5L JICUPOM Ma eHep2icio, NOMPIOHO NPOBOOUMU i3 YPAXYBAHHAM NOOATLUIO20 6NAUBY Ha Mikpobom. Tlokazano akmyansuicms
onmumizayii  srcupnokucromnozo cxkiady (KKC) xombikopmoeoi npodykyii 32i0no 3 (izionociunumu ma memadosiuHumu
nompeodamu cy4acHux nopio ma Kpocie cilbCbko20cno0apcbkux meapun ma nmuyi. IIpoananizoeano cyuacui ysaeienus npo
WSAXU MEMAOORIZMY HCUPIB, IZI0N02IUHY PONb OKPEMUX JHCUPHUX KUCIOM, DION02IUHY YIHHICHb MA PO3POOIEHO Meopemuyti
3acaou onmuMIi3ayii HCUPHO KUCIOMHO20 cKaady. Bemarnoesneno, wo Hacuueni scupHi Kuciomu 8iOpisHAIMbCA 6UWOK CIili-
KICmI0 00 OKUCHEHHS, 30amHi Ni0euwyeamu iMyHimenm, 3HUUMU 3aNALIeHHs, npome MAlomb HU3bKULL CMYNiHb 3AC80EHHS, |
nompebyioms 0008 ’13K08020 KOpe2y8aHHs OI000CMYNHOCMI 0I5l YHUKHEHHS NOPYUWEeHHs Nini0H020 0bMminy. MoHoHeHacuueHi
JHCUPHI KUCTOMU MAiOmb OLIbUW Kpawyy CMmitKicms 00 OKUCHUX npoyecis, suugy docmynnicmo. Iloninenacuueni JcupHi Kucuo-
mu (ITHXKK) maioms Huzbky ma 0yosice HU3bKY CMIUKICMb 00 OKUCHUX RPOYeCis, W0 3YMOGIIOE HeOOXIOHICMb GUPILUEHHs Nu-
mauHs ix cmabinizayii ik in Vivo mak in Vitro, OCKilbKu HAKORUYEHHs. MOKCUYHUX NP 0OYKMI6 NEPEeKUCHO20 OKUCHEHHS inidie
iHIYi0€ NOABY PI3HUX NAmMOoNo2it ma 3axeoproeéans. Busnaueno JKKC omnii npecosoi ma nepaginosarnoi conaumnuxogoi i coesot,
BUCOKOOICIHOBOI COHAWHUKOBOL, NATLMOBOL, KOKOCOBOL, IIAHOL; pub ’au020 Hcupy 6emepuHapHo20 ma po3paxo8aHo 6 HuX
cnigsionouwenHs w-6 i w-3 ITHXKK, obrpynmosano nepesacu ma HedOoAiKu ix euxopucmauts 8 kombikopmax. Iloxazano, wo
68e0eHHsL 0Nl COHAWMHUKOBOT THONe6020 MUNy Ol 3a0e3neuenHs KOMOIKOPMY eHepeiel0 Npu3eooumsv 00 3HAYHO20 Nepesu-
WeHHsL 6MICIY JIHONe601 KUCIOMU, WO NO8 SA3aHO i3 CMPYKMYPOK CUPOBUHHOL 6azu ma sHayHum emicmom -6 ITHXKK y iu-
wux Kopmogux 3acobax. Pospaxoeano peyenmu KOMOIKOPMIG 0151 PI3HUX UOI6 A 2PV CLlbCbKO2OCNOOAPCHLKOT nmuyi, 6cma-
HOBIEHO, WO NpU GUKOPUCMAHHI PUOHO20 MA M SICO-KICIK08020 DOPOUIHA cnocmepieacmvCs nepesuiyerHs emMicmy JiHonegoi
Kuciomu @ komoikopmi y 3 pasu (0o 3,08 % npu nopmi 1,1 %. /Jooamrose 68edennss onii COHAUHUKOBOL IHONEB020 MUNY
npu3800uUms 00 3pOCMAHHA NOKAZHUKA 0151 Pi3HUX peyenmie ma 6udig i epyn 6i0 3,0 00 5 pasis, wjo npuzeooums 00 nopyuieH-
HS iNIOHO20, MIHEpAlbHO20 0OMIHY, NOSBY NAMONIO2IYHUX CIMAHIG, 3HUIICEHHs. NPOOYKMUBHOCMI ME8APUH ma NMuyi, ompu-
MauHsL HU3bKOI axocmi npodykyii meapunnuymea ma nmaxisnuymea. Obrpyumyeanns XKC xombikopmoseoi npodykyii do-
360/1UMb KOPE2Yy8amu WXy Memaboaizmy ma oiocunmesy niniois, 30iliCHIO8AMU NPOCHO3068aHY (Pi3i01021UHO-DYHKYIOHATLHY
0i10 Ha OP2aHi3M CilbCbKO20CNOOAPCHLKUX MBAPUH MA NIMUYT 3 MemOoi0 OMPUMAHHS RPOOYKYIT MEAPUHHUYMEA | NMAXI6HUYM-
64 MAKCUMANIbHOI KitbKocmi ma 6ucoxoi sikocmi. HeoOXiOHi nooanvuti 00CHiONCeHH Wo00 0OIPYHMYE8AHHA 8UOOPY HCUpI6 i
HCUPOBMICHUX KOPMOBUX 000ABOK, YOOCKOHANEHHS PO3PAXYHKY PEYenmie KOMOIKopMOo8oi npoOyKyii i3 6paxyeanHsIm onmumi-
3ayii K 34 HCUPOM, MAK | HCUPHOKUCTIOMHUM NPOQITeM.

Krouosi ciioBa: :xup, skupHokucjaotHuii ckian (KKC), kombikopm, najbmMoBa 0J1isl, COHSIIHUKOBA 0J1isl, BH-
COKO00JIeTHOBA 0J1is1, pUG’sTunii skup, noTiHeHacudeHi kupHi kuciaorn (ITHXKK).
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